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ARMAMENT 


1. Offensive vs Defensive 


Allied bomber gunnery measures were an effort to attain an ideal 
minimus firepower. Such defensive measures had to be minimized because 
of the inherent disadvantages of airborne armament. Feavy armament and 
gunners decrease range, maneuverability and bomb load. The bomber goal 
was maximum range and tomb load, with reasonable essentisls in defensive 
firepower. Fighters, too, had the problem of balanc: firepower, 
defensive armor, range and :raneuverability. It is therefore seen that 
in evaluating any defensive or offensive armament, it is essential that 
tae effect on other factors, both defensive and offensive, be considered. 


2. Tactical Recuirements 


Tactical recuirements may easily unset this iden] balance of charac- 
teristics. Two typical examples follow: 


a. During the early period of tke air war in which the enemy 
made individual fighter attacks with relatively weak fire-power (which 
were employable due to the Allies lack of escort), the tomber formation 
was able to furnish a good defense and often held its own even as isolated 
stragglers. However, with increases in luftwaffe offensive armament and 
employment of mass tactics, Allied bomber defenses were saturated and 
ouickly fell below par; stragglers, likewise, could not cope with the 
coordinate? attacks of two or more fighters. 


b. The German rocket-leunchine fighter 
"ideal" wespon. This aircraft could stay outside 
man caliber .50 range and burl large caliber high. 
impunity. Meneuverability wes unimportant when f r escort was not 
present. ‘when the Allied escort began flying the entire route, the offen- 
sive-defensive balance was upset and "rocketeers" became ineffective. 


a short reign ав an 
the BAF bombers! maxi- 
qlosive rockets with 


3. Fighters vs Bomber Trends 


Due to the distinct difference in tactical objectives behind the 
guns of the GAF fighter, the USAAF bomber, and the RAF bomber, the arma- 
ment trends were, of necessity, in differenct directions. The Borber 
gunner!s target was a small elusive опе, гесџігіпе careful trecking and. 
offering a difficult sighting problem. The Luftwaffe pilot's objective, 
however, involved a comparatively simple aiming problen on a large, 
straight flying bomber; but this bomber target was not too vulnerable, 
end a heavy projectile was reouired to inflict real demage. Fence, the 
trend of the Allies toward more accurate sighting, stands in sharp соп- 
trest to the GaF trend toward heavier potential destructive power. 
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M. allied vs G.a.F. Fighters 


Allied fighter weanons also had functions dissimilar to those of the 
„G.A.F.; ѕо pursuit armament, too, пау not be examined on a purely сопе 
parative basis. The escort fighter's prime purpose was to destroy the 
САҒ fighter which in turn had the heavy bomber as its princival target. 


5. Operational Development 


Greater effective weapon range and fire-power were factors available 
for exoloitetion by both the G.A.F. and the Allies. The Germans seized 
adventage of such potentialities and took great strides in this direction. 
Practically no operational development моє done in t respect by the 
USAAF or the R.A.F. The bombers were somewhat 8бу" by the fact that 
changes to heavier armament meant major modificatio turret desien. 
Throughout the war the Luftwaffe constantly feared that the heavies would 
evolve with more effective weapons, and these predictions served to further 
accelerate the G.A.F. fighter armament program. R.A.F. bomber armament 
гелаіпей dormant, with the obsolete .303 ss their ef weapon, because 
their function, which мес to evade opposition ani carry a maximum bomb 
load, was feasible during night operations. 


(R.A.F. fighters, however, did use heavy cen:on, but not for air-to- 
air use. In 1942 a m Anti-tank weapon, firinz a threc-pound AP pro- 
jectile was mounted in the Hurricane IID. In 1943, the l.osouito XVIII 
mounted ə gun firing а single six-pouni projectile against shinping and 
submarines.) 


5. Armament Objectives of the Air Forces 


The armament trends тау be clarified by an ехатісзбіол of the prin- 
cipal functions: 


a. allied Day Bombers: To deliver an aver: bomb load, 
є sufficient armament to provide a final defense against fighters 
waich had penetrated or evaded our fighter escort. 


b. Allied Night Bombers: To deliver a sun:rior tomb load, 
carrying negligible defenses; depending upon darkmes- «nj evasive action 
for eluding the night fighter. 


c. Allied Fighters: To destroy the Luftwaffe end to protect 
the heavy bomber. 


d. Germen Fighters: To stop and destroy the петуу bombers. 
II - ANALYSIS OF DETSLOPMENT TRENDS 


1. German Air Force 
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а. The G.A.F. trend in the early stases of the daylight air 
war was to develop heavy aircraft-cannon capable of Cestroving a bomber 
at maximum range. Great strides were taken in this direction by the 
Xuftwaffe, but the dispersion of the average aircraft weapon limited the 
long renge accuracy. (Increaded attention wes later given to designing 
aircraft with improved stabilization as a means of increasing firing 
accuracy). 


5. The trend in the final phese was to saturate the bomber 
firepower, avoiding fighter escort whenever possible. 


с. The vulnersbility of the pursuit-curve war realize, end 
such attacks were practically eliminated before tre cessation of hostili- 
tics. Future trende were to develoo heavy firepower сосоїєд with revolu- 
tionary short-range tactics: 


(1) Mass attacks by jet aircraft. 


(2) Non-vulnerable collision-course sttecks by aircraft 
in the "latter" class. 


(3) Oblicue-, upward-, and downward-firing multiple guns 
and rockets. 


(4) automatic-firing rocket projectors. 
(5) Guided missiles. 


à. Hitler ordered a commission to investigete the fighting of 
borber formations from 2000meters in February 1944. (This was con- 
sider à nonsense by German scientists). However, syro-stabilired guns 
(Stavilizierte Angriffabewafnung) were being develoned at IFA, which ex- 
pected to provide accurate fire of the УК 103, 30 mm, to at least 1000 
meters. 


2. Allied Air Forces 


a. In the early stages of the war, although the heavy bomber 
was originelly designed to have sufficient armament for individual self- 
orotection, the firepower of the entire formation wes essential to suc- 
cessfully combat even simple piecemeal enemy attacks. 


t. The Allies did not keep pace with either the current weapons 
development nor the engine (jet) development. In the final stages of 
the war the bomber was seriously lackinz in firepower, end the fighters 
and bombers were seriously handicapped іп combatti ts with orthodox 
aircreft. 1 
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с. The bomber gunner was handicapped not only by his inferi- 
ority in firepower, but, in most cases, by his lack of a simple and 
„accurate sighting’ procedure. There was also constant need for some sure 
"method. of alerting the gunners when attacks were imminent; efforts’ to 
ct an eerly-warning system between Allied day fighters and bombers 
met with no success. It is necessary for the bomber gunner to pick up 
and destroy the attacking fighter while outside 400 yards. Within this 
range a kill by a heavily-armed fighter is easily possible. Furthermore 
ramming, an obviously profitable fighter tactic, must be avoided, espe- 
cially when the loss of one single-engined fighter is compered to the 
loss of a four-engined bomber along with ten crew nembers. 


4. With the exception of the adoption of AFI ammunition, 
operational weapon developments were negligible. The only major improve- 
ment in USAAF operational tomber armament was the 4.5" rearwerd-firing 
rocket. ost Zone of Interior developments never reache’ the ЕТО. The 
Allied aircraft armament program was not sufficiently flexible to allow 
modifications to fit current battle conditions. 


e. Ав the great majority of enemy-fizhter attacks came within 
309 of the bomber's tail, an increase in armament was desirable at this 
most vulnerable point. A heavy (15 to 30 mm) four-gun turret coupled 
with a rearward-firing rocket installation would not zave been excessive 
during the final phase of the war. 


f. The redeeming factor for the Allies was the use of the long- 
range fighter escort. An evaluation of the weapon and target-vulnerability 
factors shows an overwhelming superiority of the hervily-armed G.A.F. 
fighter over the Allied heavy bomber. (It is interesting to note that 
the G.A.F. mass-wave fighter tactics came as a counter-measure to offset 
the heavy Allied escort. In the final analysis, this mass attack proved 
to be the Luftwaffe's most successful, and could have had a highly effi- 
cient application during the 1942-43 non-escort period). - 


III - G.A.F. ANTI-BOMESR DEVELOP! 


NTS 
l. — Air-to-Air Rockets and Bombs 


e. The Luftwaffe single- and twin-engine "rocketeers" in 

1943 fired the 21 cm High-Explosive Rocket, with the fuze pre-set for 
a distance between 500 and 1200 meters. Attacks were mie principally 
fron level astern, as the aim was to obtain a blast in the center of 
the formation, where the fragmentation effect would have the most play. 
One projector tube was mounted under each wing on single-engine air- 
craft, and two under esch wing on twin-engine fighters. This caliber 
gave sufficient lethal bursts to break up bomber form-tions. 


b. То supplement the 21 cm. rocket-firing as a means of 
breaking up the bomber formation, air-to-air bombing was used, supple- 
mented by experiments with parachute bombs and with себіє bombs. The 
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latter types were bombs dragged through the formation of heavies on 
the end of long cables. 


с. The standard bombing procedure adopted by the G.A.F. in‏ گے 
involved the use of regular 500 and 1000 kg. tombs dropped free‏ 1943" 

fron a fighter flying approximately 1000 meters above the heevies. A 
team of two fighters was used: one observer flew out of range at the 

heevy bombers! altitude and notified the fighter-bomber of the exact 

height of the Allied formetion; the fighter-bomber then adjusted his 

altitude accordingly to correspond with the pre-set tomb fuze. 


2. The Heavily-Armed Fighter 


a. The first truly "Безуі1у-Агтей Fighters" were planned by 
the Luftwaffe in 1943. These are defined as having more than five 
guns, at least two of which are of 30 mm. caliber: 


(1) Fw = with liouid-cooled V-engine (Planned require- 
ment): 


1 x MK108 (30 mm) in the engine 

2 x MK108 or 4 x MG151 (20 пә) in the wing 
2 x MG151 (20 mm) in the wing roots 

2 x K6121 (13 mm) above the engine. 


(2) Me 109 (Planned reovirement) 


1 x NK108 in the engine 

2 x MK108 in the wing 

2 x MG151 (20 mm) in the wing roots 
2 x Уб131 (13 mm) above the engine. 


t. In 1944, fighters (principally FW 190's) in this category, 
with the further addition of heavier defensive armor, were encountered 
during the mass line-abrest tail attacks. These fighters generally 
pressec home the attack while the lighter craft (usually Me 109's) 
provided the top cover. 


с. Apparently the standard Me 109 airframe had reached its 
peak capecity at the end of hostilities and would not take the pro- 
jected armament of three МКІОЄ'є. The FW 190, however, was capable 
of carrying such heavy installations. 


4. This demand for increased armament on standard aircraft 
necessitated the installation of heavy outboard loads at the expense 
of handling and firing qualities. The HG131's detracted from the per- 
formance of the Me 10% because bulges in the cowling were песевві- 
tated by the greater bulk of the 17 mm guns as compared to the 7.9's. 
A further reduction in speed resulted from the fitting of the ксіс1/ 
20's in fairings beneath the wings. 
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3.  Upward-Firing Armanent 


a. Тһе first stage of this development took place in April 1944 
swith the now familiar "Schraege Musik" (Oblioue Music), in the form of two 
upward-firing cannon with Ju 88 and Me 110 night fighters. 


b. The "Schraege Musik" as installed in night fighters had evi- 
dently met with a considerable mezsure of success, and this prompted the 
Germans to experiment with upward firing armament for tne countering of 
the daylight bomber. Recoilless Cannon were also tried in both single- and 
twin-engine fighters. At the close of the war the upward cannon was being 
accepted as a definite asset and part of the normal fighter armament, 


с. Tactics: 


(1) The target bomber is first picked un by radar and an 
oblicue approach made below in such a way as to avoid 
the tail warning device of the borber as well as any 
"window" which its crew may be releasing. The ap- 
proach is made to a distance not more than 100 meters 
under the contact, mainly in order to avoid entering 
the Е25 cone of the bomber until tre last possible 
moment. 


(2) The night fighter closes in slovly, at only a 
slightly higher speed than that of the bomber, ав 
soon as the target is picked up visually. Опсе in а 
position to open fire, the night fighter reduces 
its speed and careful aim is taken. Опе burst is 
deemed sufficient for а kill, and tracer is not used. 


(3) Upward-firing guns were planned which would fire 
automatically by mesns of the Magisches Auge" (Magic 
Eye). When the photo-electric cell is activated by 
an image in the lens, the solenoid is energized and 
the circuit completed to the gun primers. Maximum 
range of the Magic Eye was 55 meters. 


4, The Eeavily-Armed Jet: Me 262 (1945) 


a. The heaviest fighter armament of the war was on the Ме 262 
of J.Y. 44, a special unit formed in January 1945. These aircraft were 
armed with 24 RUM 5.5 cm E.E. rockets in addition to the normal four 
3 cm MK10&'s. They carried through a number of attacks on Allied bomber 
formations and achieved some success, despite heavy losses inflicted by 
the overwhelming Allied fiehter escort. 


t. Fortunately for the heavy bombere, there were rarely more 
than 16 of these Ме 262's serviceable for any one mission, with the 
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result that during any attack the German force was far outnumbered by 
he American fighters. Thus, all tacticel employment of this special 
262 was hampered by numerical inferiority. 


c. In attacking bombers, formations of about nine aircraft 
(three elements of three) меге used, and no top cover was reouired in 
view of the great speed of the Ve 262. It was considered essential 
for опе Staffel to hold formation and attack (from behind) the whole 
width of the bomber group in order to split up the defensive fire of 
he bombers! guns. At 650 yards, the twenty-four 5.5 cm rockets were 
firéd at the bomber chosen as a target (only one rocket hit was reouired 
to destroy the B-17 or B-24). Fire was then opened with the four 30 mm 
Zuns, aim being at the general shape of the target aircraft. А break- 
away above the formation began at 150 yards. 


5. Specialized Aircraft and Veapons for Attacking Bomber Forma- 


t tions. 


a. The German defense against Allied heavy bomber attacks 
had only on comparatively rare occasions been sufficiently effective as 
to present a serious deterrent. Therefore, much experimental work was 
undertaken outside the field of orthodox fighter aircraft and ground 
AA defenses. š Y 


b. These weapons were in the following categories: 


(1) Specialized Filoted Aircraft: 


(a) Eouipped with guns or Rocket Projectors 


In this class was the "Natter" (Viper) which 
was originally planned to be used on a large 
scale to stop the Allied bombardment. Its in- 
tended function was to attack heavy bomber for- 
mations in daylight when they approached а 
specific target. This rocket aircraft could 
fire RUM RP's at such close range as to give 
certain results. 


(b) Designed for Raming 


The "Natter" had an alternate function as a 
rammer, but we find conventional types also 

in this category. Ramming was practiced by 

the Luftwaffe with single-engine fighters on 

7 April 1945 by a unit known as "Sonderkommando 
Elbe", and in at least one instance, a single 
rammer was able to destroy two heavy bombers. 
(The 7 April tactical plan was for the ramming 
units to approach the bombers in a long shallow 
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dive, if possible out of the sun and close to 
dead astern. Fire was to be opened up at ех- 
treme ranges and continued until the final ram- 
ming dive. The latter was to consist of a sharp 
dive aimed at the fuselage of the tomber imme- 
diately forward of the tail unit. If possible, 
the pilot was to bale out. The ramming pilots 
had orders to avoid combat with Allied fighters 
under all circumstances and to climb away if 
attacked) . 


Designed for Air Launching 


Tactics of the air-launched fighter involve а 
composite aircraft having a slow rate of climb 
and speed. This %уре has proven vulnerable to 
fighter attack. 


(2) Pilotless Aircraft (Missiles) 


(a) 


(9) 


Air Launched 


The winged-bomb or rocket built for launching 
at fairly short range, and designed to "home" 
on & bomber is, in theory, a very formidable 
weapon. The small size and weight does not 
materially inpede the aircraft performance. 
However, in the case of the remote-control 
type, the directing aircraft is made cuite 
vulnerable. 


Ground Leunched 


Ground launched weapons of very large dimensions 
are feasible, as they are not subject to the 
same size restrictions as the air-launched type. 
However, these weapons are clascified in the AA 
category unless some homing device is added to 
insure the necessary final ассагасу. (A highly- 
sensitive sonic homing device, suitable for air- 
or ground-launched missiles, was in an advanced 
stage of development ty the Germans when hostili- 
ties ceased). 


IV - LUFTWAFFE AND ALLIED AIRCRAFT AND ARMAMENT 


1. General (See Exhibit A) 


а. The final efficiency of a weapon is verified only by actual 
combat results. However, assuming a gun has been proven as to 
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reliability, operational installation is primarily dependent upon the 
following factors: 


(1) Total Weight and Dimensions of Gun Assembly 


(Often this alone is the determining factor, as in the 
case of the ¥K103/30 mm gun, which, due to size, may 
not be mounted in the Mel09; and the FW 190 capacity 
is limited to but one gun of this type). 


(2) Velocity and Rate of Fire 


The muzzle velocity must be sufficient to effect hits 
and damage the target at operational renges. The 
rate of fire mst be sufficient to assure the proba- 
bility of a large percentage of hits. 


b. In using differmt combinations of guns оп one aircraft, 
it is essential that the various type weapons be matched from a ballis- 
tic standpoint in order to obtain similar bullet flight characteristics 
for thé opefational range and conditions of firing. (This problem is 
not encountered when the gun is fired independently as an auxiliary 
weapon; or in no-deflection shooting at short ranges). 


2. G.A.F. Armament (See Exhibits А and D) 


a. Luftwaffe aircraft gun-battery combinations varied сопе 
siderably, and were often decided upon by Geschwader or Gruppe Comman- 
ders themselves, depending largely upon their individual opinions and 
prejudices, as well as upon the tactical application. . 


%. German aircraft gun development, contrary to that of the 
Allies, made much progress through a rapid evolution involving much 
operational experimentation. Beginning with the rifle-caliber class 
(7.9 mn), the Luftwaffe made operational use of 13 пт, 15 mm, 20 mm, 
30 mi, 37 mm end 50 mm guns. While the 37 and 50 mn guns were modified 
artillery weapons (Flek 18 and Pak 38), the 30 mm were specially 4е- 
signed aircraft types. 


c. At the cessation of hostilities, the MK108, the most 
superior in the 30 mm class, was generally being accepted as the ideal 
automatic cannon for anti-bomber use. The gun was simple, as well as 
efficient, and any reasonably well-eouipped machine shop could manu- 
facture this weapon which reouired very little precision tooling. The 
mazzle velocity, though comparatively low, was sufficient for орега- 
tional ranges; and the rate of fire, 600 räs/min, was excellent. The 
MK108 is unioue in that the barrel and receiver do not move in recoil; 
the entire force is teken up by the rearward motion of the bolt. 
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d. `The Iuftwaffe was the only air force to utilize the electric 
primer. This ignition system was always used with the NG131 and MK108, 
and whenever the MG151 was synchronized. Instead of normal firing- 
_pin and percussion cap, the detonation of the cartridge was accomplished 
“electrically. The advantages of this primer are: 


(1) Allows higher rate of fire. 
(2) Decreases possibility of high-altitude freezing. 
(3) Permits easier synchronization. 


е. The usual gun synchronized to fire through the propeller 
erc is eouipped with a mechanical impulse-wire and trisser-motor; and 
such a system allows one shot (or less) per revolution of the prop, ге- 
sulting in a reduced firing rate. The G.A.F., with its electrical syn- 
chronization, was able to allow the guns to fire three times in every 
prop revolution, between each blade. At normal fighting speeds the rate 
of fire of these guns was not reduced the slightest. (Tests made with 
both synchronized and unsynchronized MG151/20's showed no perceptible 
difference). 


f. Electrical synchronization permitte the "ounting of fixed 
guns near the center-line of the aircraft. The Luftwaffe followed this 
practice which results in improved aircraft handling and better gun- 
firing aualities. 


3. USAAF Heavy Bomber Armament (See Exhibits A сад Е) 


a. An examination of the 1942-1945 armament modifications in 
the USAAF heavy bomber shows that this evolution resulted principally 
in improved sighting eouipment, with thé actual total firepower slightly 
decreased. 


b. Aside from improved gunsights, the major development was 
the replacement of the hand-held gun by the power turret. The turret 
had proven superior in combat, but careful training was reouired for 
efficient operation. The advantages of each follow: 


(1) Advantages of Hand-Held Guns 
Less weight (65 lbs. as opposed to 800. lbs. in some 
turrets); simpler mechanism (ouicker slewing, simpler 
maintenance, fewer malfunctions and less training); 
better visibility (when minus pleriglass, as in 
waist guns). 


(2) Advantezes of Power Turrets 
Cover larger fields of fire; smoother tracking; more 
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firepower possible (2-4 guns); smaller bullet pat- 
terns; no self-inflicted damage; permit use of fully- 
computing sights. 


с. The principal weapon changes were: 


(1) Browning Cal. .30 Machine Gun 


The obsolescence of this gun against modern armored 
aircraft was realized early by the USAAF. During 
1942-43, this light weapon, similar to the British 
+303, had a limited use as a single center nose gun 
installation on the В-17 В and F, end in a single-gun 
installation in the B-24 D forward hatch. 


(2) Nose Positions 


Nose turrets were installed to replace hand-held guns; 
side-nose and other proven ineffective weapons were 
eliminated. 


(3) Waist Positions 


Waist windows were closed and gun positions staggered. 
(The enclosed waist windows aided in preventing frost- 
bite, but this gein має more than offset by the 
serious curtailment of visibility from this important 
support-fire position). 


(№) Bol Belly Position 


The retractable ball turret was introduced on the B-24 
in 1943, but має removed in 1944 because of the weight 
and effect on the bomber's flyinz characteristics. 
This meant a 50% loss of fire power against low astern 
attacks. 


(5) В-17 Tail Position 
The stinger оп the B-17 was changed to a seni-turret. 
Eowever, the gun mount and sight were never of a very 


efficient design despite the tail being the most vital 
defensive position. 


4. Experimental Heavy armament. 


(1) In March 1943, 12 heavily-armore’ B-17's, known as 
16, arrived in the U.K. These were designed to 
protect formations and were used in combat in May, 
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June and July, This was a modified B-17 G, having 
in addition: 


(a) Direct sighting in power-boosted twin-50's on 
each side of waist. 


(b) Twin 50's in a Martin Upper Turret in the гедіо 
compartment. 


(c) Twin 50's in a power-booste? teil mount. 
(à) - 40,000 rounds of ammunition. 


(2) The YB-W was found too tail heavy, not maneuverable 
enough to fly with B-17's and difficult to maintain. 
It was finally abandoned as unsuccessful. The enemy 
knew of this type and Luftwaffe vilots had instruc- 
tions to select these as targets. 


(3) A YB-41, a heavily-armored B-24, was experimentally 
tried in the U.S.,' but never reached the operational 
stage due to an 18,000 ft. maximum ceiling. 


V - AMMUNITION 
1.  Generel 


а. Discounting the effect of contour upon velocity, which 
limited the range and penetration, target vulnerability was the deter- 
i factor in projectile ^esign within the limitations of the bullet 
. (Germen projectiles, like the САҒ guns, were teilor-made for 
aircraft use; whereas the Allies generally utilized standard ground-gun 
type ammunition). 


b. The basic projectile fillers were of four types: Armor- 
Piercing; Incendiary; High-Explosive; end Tracer. The ouentity of 
tracer composition wes in most cases negligible, occupying only a minor 
зогбїоп of the projectile assembly. These basic components were com- 
bined by the Luftwaffe into every conceivable combination, within а 
single round} even in the 13 mm (comparable to the Allied .50) we find 
such combinations as E/T, FE/I/T, aP/T. Allied types in the caliber 
.50 were limited at first to uncombined АР, I ani Т. In the last year 
of the wer the caliber .50 linkage in the USAAF was generally replaced 
by straight AP/I (a new composite type) vhich proved superior to рге- 
vious USAAF combinstions. 
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c. Proven Operational Linkages (1945 Final Standards) 


ALLIED | 
IN FIGHTER GUN i IN BOBER GUNS I | 
303۲" | 1 АР + 1 Incendiary 1022 АР (Daylight) | 
! 1002 Incendiary (Night) i 
жете ——— ص2‎ peers ul 
„son | 100% AP/1 100% AP/I | 
en енеден N TE н До TERN CR en МНС 
! 20 mm | 100% EE/1 (USAAF) ! 
! 1 ЕЕ/І + 1 SAP/I (RAF) i 1 HZ/1 + 1 SAP/I (RAP) 


1 Incendiary + 1 AP 


| WIEL Seel | 1 EE + 1 Incendiary + | 3 НЕ + 1 Incendiary + 1 AP/I 
! MG FI АР/І 


— 


| MK103( 30mm) 


2 FE + 1 HE/I + 1 АР/НЕ 


ee Ske nr 


| 10008 30mm) 


| 
| 
i 


i 
1 HE + 1 Incendiary i 
1 _ - - U 


The various teltings were first based on different opinions as to 
Which combination was most effective; but later on, combat results and 
[Improved projectile types were the determining factors. It can be dem- 
nstrated mathematically that if the most effective буре of ammunition 
сап be determined (based on target vulnerability), then a straight load- 
ing of this is more effective than any mixture whatever. Any mixture 
nas the disacventaze that the few bullets striking may be of the Wrong 
type. 


2. Effect on Target Vulnerability (See Exhibit E) 


3. Coefficients of Destruction for Projectiles (See Exhibits I, J, 
and 


а. The following coefficients were arrived at by an examina- 
sion of the design and construction of operational projectile types; 
yy an evaluation of relative combat damage to Allied aircraft; through 
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results of structural-damage firing tests by Allied and G.4.F. research 


establishments; and by an assessment of G.A.F. combat gun-camera films. 


b. Differentiation between the high and medium velocity stan- 
dard G.A.F. gun models is not of primary importance. Combat results 
show that even the relatively low velocity of the !X108 is sufficient to 
give a good percentage of hits and necessary penetration at the орега- 
tional ranges involved. . Furthermore, the use of hollo--charge armor- 
piercing rounis are very effective even with low muzzle velocities. 


с. From 500 to 1000 grams of high-explosive are reouire? to 
down a four-engine bomber, unless the secon?ary effect of the burning 
fuel tenks takes place. 


d. The following are the coefficient values for the opera- 
tional classes: 


(1) 7.92 mm (.30; .303) Value = .25 


(а) This category will not penetrate the average air- 
craft armor and has negligible incendiary value. 


(2) 13 mm (.50) Value = 1 


(a) All other class values are based on a compsrison 
with this category. 


(b) This type,was limited principally to use as an 
incendiarv. The oleih АР projectile мағ of very 
little value. 


(3) 15 mm Value = 1.5 
(a) This categorv is intermediate to the 13 mn and 
20 mm types. 
(4) 20 mm Value = 2 


(ә) (The Cel. .50 АРІ reouired an average of slight- 
ly more than one round to insure ger tank igni- 
tion). This 20 mm class had a filler capacity 
approximately five times that of the 13 mn. 


(5) 30 mm Value = 4 


(a) Structural damage tests show the 20 mm inflict- 
ing more than four times the damage of the 20 mm. 
The filler capacity of this class is six times 
that of the 20 m. 
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Ц. The Tracer Question 


ғ. At the beginning of the air war, tracer ammunition was part 
„of the most standard linkages and was considered an important sighting 
“aid. USAAF gunners were partial to its use although their training was 
meager compared to the extensive PAF tracer sighting course. Late in 
1943, with the emphasis on sighting, the Eighth Air force publicized 
the disadvantages of tracer as follows: 


(1) Tracer-firing gunners tended to disregerd their 
sights, and tracer by itself was a poor sighting aid. 


(2) Tracers offered to the aerial gunner a serious opti- 
cal illusion, especially on beam shots. 


(3) Bach tracer linked meant the loss of an effective 
round. (The armor-piercing effect of tracer was nil, 
and the incendiary properties negligible). 


b. There were, nevertheless, two distinct advantages of 
tracer. Firstly, it became evident that the use of tracer war an ex- 
cellent method of awakening the less alert to an impending attack. Some 
signal wee needed, especially during thel944 lull in fighter activity, 
as even the most alert gunner lost much efficiency after a few hours оп 
oxygen, whether standing in the waist or cramped in a turret. Secondly, 
the consensus of opinion of our own, and captured Luftwaffe, pilots was 
that tracer was a definite deterrent which might cause an early break- 
away or at least upset the pilot's aim. This має further confirmed by 
USAAF aerial gunners in instances during 1944 where they employed the 
new, more brilliant, "headlight" фгосег. 


с. зп Eighth air Force Combat Wing was the first to adopt the 
followin procedure which seemed the solution for the bombers, at least 
insofar as retaining the advantages of tracer while minimizing the dis- 
advantages: 


(1) To use headlight tracer only in the nose and teil 
turrets, where point-blank shots predominate’ and 
where the optical illusion was negligible. (The 
linkage was one tracer to four АРІ). 


(2) To use straight API in all other positions. 


d. Allied fighter pilots usually steered clear of the use of 
tracer as it would warn the enemy of the initiation of en attack. These 
fighters did, however, link a single strip of five tracers in ғ position 
59 rounds from the end of each belt, as an indication of when their 
ansunition supply was near being consumed. (It is interesting to note 
that the Luftwaffe did not employ trecer at апу stage of the fighter 
pilot's training, єс it має considered distracting to the pupil's at- 
tention when he should be concentrating on the Revi sieht). 
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е. Tarly іп 1945, tho RAF, following the 7izhth Air Force ex- 
erm]lo, bogan eliminating %гесог as а sizhtinz гід. The elimination of 
trecer wos я logical sten with the advent ої fully-cormuting sizhts. 


f. although tracer wes a component ої most G.A.F. orojoctilos 


throushout tho air war, the Luftwaffe, too, realized tho decention of tho 
tracer trail. This is evidonced in the letest 6.4.7, Fizhtor Pilot's 
Gunnery Manual, of which the following rhym із an extrect: 


Des Mädchens Liebe täuscht oft s-hr, 
Die Leuchtsvurhahn moist noch viol mhr. 


VI سن‎ 7659 
1. Generel 


a. For eenturics, rockets hava been used ns both military 
woanons and for pyrotechnic disnlay „urposrs. However, with tho ore of 
lonz-renz^ rifled artillery, tho бул] оотопф of this worpon practically 
erased, The prosent wer brought ehout not only tho rovivel, hut many 
mejor Aovalonments, and new tactical uses hy hoth 411174 and ^n^my 
forcos. Tho British have rede a major contribution with their exten- 
sive research and development. 


b. Tho zrostest sdventage is the hravy-ertillery fire power 
nossihle without the woizhty sun and heavy recoil. Tho 7ізсһегде hes 
no Amprrcirhle effect on the flizht of ۶۱۶۰ 


2. Launchers 


a. aAircreft rockets ara ordinarily fired from a device known 
as a launcher. In »rincinle tho leuncher is cormerahle to tha rifle 
Загто1; a guide rail or tuhe for attaching the rockot to tho »ircreft, 
eining tho »roj^ctilo snd mekinz clectricsl contect with t^^ ignitor 
insifo tho rocket motor. 


h. The launcher not only voints tho RP in t^^ rizht direction, 
hut holds it on cours? ‘uring the initiel burning of tho propulsion 
chargo, In tho first stezos of leunchins from a stationery mount, a 
rocket is inaccurate in its trejectory teceuse it hes not roeched its 
maximum volocity. The situation is sided in tho esse of aircraft 
rockots fired forward from fast-moving ^irolenos; hance, wo my elini- 
neto th rail or tube as in tho new allio? "zero lonzth" leuncher which 
consists of hut two stroem-linod posts. 


3. Rockot Armament on Gorman fizht-rs 
а. Tho use of rocket projectiles on Jorman fizhters wes до- 


усідогд chiefly to nrovido a mans of sttackinz larze borbor form 
іп deylijht. Owing to tho denzorous concontretion of fire possibla from 
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ғ close formtion of hoavy ^omhors, it wes necessary for fizhtors to 
find som mans of breaking un the formetion from a point outsiän the 
offeetive range of the esliter .50 machine zuns. Tho G.a.F. was fecod 
with tho choico of mounting cith-r heavy machino zuns with ^n offActive 
range of олег 1000 y^r?s, or inst^llinz some sort of rocket »rojector 
with siniler range. 


h. The mein advantases of rocket nrojectiles over heavy 
machine guns for this vurnose are as follows: 


(1) Lizhtness of rocket installetion en? e^sonce of 
heavy recoil. 


(2) Much groster lothel area of burst of rocket pro- 
jectiles. 


C. The disadvantasos ої RP's ero: 


(1) aiming difficulties, owing to the tre joctory eng in- 
accuracios introduced hy the rockt srojectile its^lf. 


(2) Tho very Limited number of rounds which my m cer- 
ricd in a rockot instellation as соплогод with a 
heavy mechine gun. 


M. G.a.F. Onsrational Туооѕ 


а. 21 Continetor Hiz 


Sxmlosive ¿irereft Rockot 


(1) This was the first stander G.a.F. еіг-%о-тіг rocket. 
Tho rockot hord conteins 9.5 kilosrems ої TYT and was 
en adentetion of the Formen 21 em len? rocv^t. Thora 
were no fins end Aenendance wrs out unvon rotation for 
sterility. Tho spin wes imp rto ^y twonty-thre^ (23) 
offset venturi jata (опо contrelly loc^t^d and the 
romeindor forrin: a circlo, ogu^lly ء۶ ر8‎ ۹ around the 
hase). 


(2) Tho mrojectilo, 21 сп W? (Wurfzreneto 2لا‎ spr), was го- 
namd hy th» Gormen Air Forco as the 21 сп V7 rocket 
(Borasorondzrakato). Tho totel weicht wes 112 kilo- 
zrams, end tho ov^rell lonzth 49.25 inches. 


(3) Tho lennchor wes an onen-ended eylindrical tubo of 
3/32 inch shoot steel, 9% inches OD and 50-5/16 inches 
long. The tubo wes jettisonehle by a dotonstor 
arrangem-nt. 


SUES ٣يت‎ 


T IN AIR МАВ 


CONFIDENTIAL 


Ъ.. 8 Centimeter H3 Rocket 


(1) 


(2) 


This development, ғооагепі1у primarily for air-to- 
ground fire, is a fast-burning rocket, principally 
used on the FW 190. The Germans apnear to have in- 
corporated various features of 3ritish, Russian and 
Апегісеп eircraft rocket projectiles in forming this 
weanon. 


The launcher consists of six 59-inch long rails on a 
flush-fitting wing installation, attached outboard of 
the огоре11ег arc. 


с. 5.5 Centimeter HZ rocket 


(1) 


(2) 


(3) 


This was the smallest caliber H3 rocket in production 
for operational air-to-air use. "ach projectile con- 
teined 500 grams of Hexogen and had considerable blast 
effect. Large quantities of this type an’ two varia- 
tions for use against armored vehicles, the PB2 and 
PB3, wore found at WH Lubeck. 


In combat against USAAF daylight bombers, the Me 262's 
of J.V.44 carried 24 RUM 5.5 cm rockets under the 
wings. The RP were shot off in a space of .03 
seconds and scattered to give a pattorn covering the 
silhouctte of a four-engine bomber at 600 yerds. On 
several occasions victorins мого scorad with the RUN, 
and it was »lanned to install es many as l8 unter the 
wings of the M» 262 for greater offoct. As the tra- 
jectory wes closo to that of the !K108, the ordinary 
Revi sizht could he used without difficulty. 


This rocket моз elso planned to ve used in tho head 


of tho 3P203 "Yatter" (Vivor). Ono armament installa- 
tion for this terget-dofondor is 30 RUM rockets. 
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5. Comparison of G.A.F. and Allied Aircraft Rockets 


British 60-15 HZ US 4.5" MB US 5" HVAR Gorman 8 cm 


Maximum Velocity 800 f/s 860 1350 950 (ost) 
Burning Time 1.37 sec. .2 .88 а 
Weight 90 1b. 38.4 136.5 15.2 

18 5.3 8.2 1.34 

20% 13.8% 6.1% 8.8% 
Diameter 3.0 1.5 5 3.06 
Length 54 34 28 69 
Yo. cerried g 6 4 32 
Total Weight 720 19. 230 546 182 
Total H3 Woisht 145 1b. 31.8 32.8 16.08 


6. Rearvard Firing Rockets 


а. USAAF 4,5" HE Rocket for B-24 aircraft (See Exhibit 17) 


(1) In 1944, in view of the inability of heavy bomber 
defenses to cone with the mass attacks of the now 
heevier-ermed (IK 30 mm) fight-rs, the Bighth Air 
Force began oxoerimonts on heavier tail defenses. 
If it could broek up the onomy fighter formation and 
thus force tho enemy to resort to incivisuel at- 
tacks, his effectiveness would ъс sariously weak- 
ened. 


(2) Steps were taren to procure end instell oithor а 
large signel-roc*ot launcher for d«terrent velur, 
or an H9 projectile launcher with a dostructive 
potential in ad^ition to tho dot^rront value. Pre- 
liminary trials disclosed the neod for a fast- 
burning rocket and a long tubuler launcher; in 
order to insuro good initial acceleration and pro- 
tect the bomber from tho blast. Tho 4.5" HJ 
Rocket (with the destructive potential of а 105 mm 
Howitzer) wes adontod along with the ten-foot 
triple-tube launcher. The tube could bo jettisoned 
but this was later deemed unnscossary due to the 
nogligible drag. 


(3) The installation, embodying a firo scloctor switch 
in the tail turret, and an elevation adjustment in 
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tho weist, proved successful, especially whon cou- 
vlod with tho T-5 proximity fuze. (This now fuze, 
5rocurcd from tho Z of I, erms ono second after 
launching and dotonates automatically when passing 
within 50-75 foot of the target.) The sighting 
»roblom wes simplified duc to the lerge target (mass 
fighter formation), and the large lethal bursting 
radius of the RP. The operational installation was 
completed just as hostilities ceased. 


b. 2.А.Ғ. 21 cm Rockot Resrward-Firing Txwriments 


In 1945 information wes revealed re the development of roar- 
ward firing rocket tactics by the FW 190, with a 21 cm rocket undor the 
fuselage. The vlan was for the F 190 to achicvo surpriso in a perting 
shot as it оц'їей away from a formation which it had alroady attacked 
with its forward armamont. Tho RP!s мого supposed to cxolode at a pre- 
dotormined distance. Tho tubo was only а frection longer then the pro- 
joetilo and jettisoned- after firing. 


VII - GUN SIGHTS 
1. Gannral 


From а mathematical standvoint tho samo orincivlas were involved 
in dotormining the »rovor deflection for an attacking fighter or а de- 
fonding bomber. Why, then, should tho nroblrm bo called simole for the 
G.a.F. fightor and extremely difficult for tho dofonding acrial gunnor? 
Principally, because the fighter selects and solvos his own problem prior 
to his initiating the attack. On tho other extrome, the bomber gunner 
was called uoon to furnish an immediate solution to any ono of a thou- 
send potontialitios. Ence, tho Alliod omphasis on gun sights; and the 
wide variation in Allied sighting oquipment during tho hunt for an ideal 
fire-control instrument. 


2. Iron Sights (Limited to use on flexible guns) 


a. Four (4) oro?uction models of iron sights мого in use by 
the ААТ, plus a few designed by groups in this theatör. These мого 
only used on hand-manipulated guns and not in power-turrots. (The ¢.4.F. 
also used iron sights, but mounted the ring-and-post sights in reverse 
position, а superior method.) Тһе iron-sight category had only tho ad- 
vantage of simplicity and low cost of produttion. Tho disadvantages wore: 


(1) Inaccuracies in sighting, principally due to the 
gunner's need for a constant сус base. 


(2) Sights were easily broken and bent end were fre- 
auently used in a damaged condition. 


-20- 00771777727 


AIR WAR COFFITSFTIAL 


(3) Твого wes much confusion in the USAAF oer the many 
types in usc, and mismating of the front and rear 
sights and sight mounting radii often occurrod. 


3. Reflector Sights (Principal Sunsight for Both Fighters and 
Bombors 


a. The chiof advantages of this optical sight ov^r the iron 
sight мого: 


(1) ®limination of mod for a constant сус base. Gunner 
may change his distence from sight without intro- 
ducing errors in deflection. 


(2) There was only ono reference point. The nood to 
align the ring with the head wes now unnecessary. 


(3) The reticulo appoars suverimposed on tho tergot 
(not out of focus), permitting accurate estimetion 
of deflection. 


b. Tho German Revi Rofloctor sights мого, in goneral, su- 
verior in design and construction to tho Allicd tyves, though basicly 
similar. 


4, Comonnsnting Sizhts (limited to installation on bombars) 


a. Того woro many tyoes іп tho охрогімопіаї stages in tho 
Zone of Interior, but tho ones &»ooering most satisfactory and produced 
for ooorational use were tho Sperry series: K-10 for tho teil turrot; 
X-11 for tho nose turret; and the K-13 for tho hand-hold waist guns. 
Tho Gormans had & similar, but simplor, tyoo in tho Rovi 2A. А11 
those compons^tod for snerd of the bomber, trail and tion of the 
fightor, and vornittod point-blank fire at attacking ircraft flying 
a pursuit curve. 


b. А vory simolo, but 15-5 accurate, comanssting sight was 
a wind-vano tros dev-loved and adoptad by tho end air Division. This 
sisht was en improvoront over thd Yorman type in that it took into 
account trail and fightor-soood in addition to own speed, in accordance 
with the Zone System. The final model had a single conical fin point- 
ing windward which gave excellent stabiligation. Though inferior to 
the Sperry, this sight was in operational use and proved efficient at 
а, time whon pursuit-curvo attacks мого prevalent. Tho wind-vane was 
supplemented by an auxiliary post for support-fire. 


c. Unfortunetely, before the K-13 was standardized in opera- 
tions, the pursuit curve attack hod become almost extinct and weist 
guns wore used for little except supoort-firc. Ап att mot wes made to 
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uso tho K-scries comenssting sizhts for firn-sumort by treining the 
gunners in recoznizing 9spect-^nzlos of enemy fizhtors fron nhotozrephs 
and mo?ols. However, this system proved impracticable for combat, in 
addition to conflicting with the amnarınt-motion thoory upon which all 
$ ious sizhtinz systems мого based. At tho end of hostilities, a 
mo^ification had haan ñovised whoreby, upon pressins a button, the K-13 
ontics wore instantencously stebilizrd and sunport-firo based on appa- 
ront-motion was possible; thoro wes also provision for immediate return 
to pursuit-curve deflection. 


5.. Cormutin ts (Limited to Installation on Bombers) 


Tho K-3 and KH (Soorry-Mochanical) and tho K-8 (Zairchila- 
Tlectronic) are fully-commuting rato-hy-tim sights. These solve the 
problem of fire ageinst any aircraft within range whethor attacking or 
not, provided the KS is flying in level atenay flizht. However, 
they ero in error in rough eir ог Quri; asive action since they 
measure angular velocitics of tho tor with respect to the bomber. 


6. Gyro Sizhts (Un’=rgoing Adoption by 421424 Fishtors and Pombors) 

In this category were tho most efficient firo-control instru- 
neral operational use. The British Mark IIC and D were 
adopted by USAAF rs the K-15 end K-14 for hoth fightors en 
Fighters receivad priority of issuc, and production wes nc 
to sumly the bombers. Tho G.4.F. gyro sizht was known as the 3242, 
their only standard commuting sizht. These sishts solve? the nrohlom 
of fire control on all eircraft within range, wheth r attacking or not, 
end furthor permitted some evasive action. Short of radar renzinz and 
tracking oauinmant, theso gyro sights мого tho key to tho problems of 
the serial gunnars. 


7. Radar Sizhts 


a. The Rıf!s AGLT (äutomtic Gun Laying and Tracking) Radar 
Sunsisht wes the only Опо of its category in oporetionel use during 
the sir war. А maximum of ninoty (90) Lencastor Pathfinders мого so 
oqui»»ed beginning initially in Sootomber 19L4. Tho turret sunner 
sorrched by manivulating his turret blindly, until the synthotic tar- 
zet (a wingod spot nrojected by a enthode-ray tubo) еоосагой in the 
reticle. of his zyro-sizht; he thon followod tho 5205 with his turret 
centering it in the sight imaze a fired. The zun fired at proper 
renge (plus or minus 30 yds.) and deflection. The letost model zave 
50% hits within а 1/20 diamoter circle, and 85% hits within 1°. This 
was the most officiont rirhorne fire-control method usod. 


b. Howevor, thoro were two огіпсіраї problems: one wes the 
initial instability of tho synthetic target, which was later corrected 
by modificetion; and the second was the problem of target identifica- 
tion. The maximum, 1400 yards, renge limitation somowhet simolified 
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the idontification problem; and cach bonber in the stroam had an infra- 
red lamp in the nose visible only through tho infra-ro4 toloscope in 
cach tail turret. Nevertheless, the over-present possibility of an un- 
serviceable infra-red lamo causcd some hesitancy on the part of the 
gunners, 80 the problem was never considered as overcone. 


с. One other socondery ĉrewback wes tho fect thet the G.F. 
was believed to bo using tho AGLT beam for homing on the nizht bomber. 


à. There are no detailed oporetionel results due to the limited 
use. However, the AGLT proved to be an excellent tail warning device 
and was often so used to avoid combat. 


8. Flexible Gunnery Sizhting Methods 


a. With fixed refloctor-tyne ог iron-sizhts, tho aerial gunner 
is required to estimate his own deflections. Barly USwsF zunnors (1942- 
43) know only the relative-speed mothod of sizhting based on the fighter's 
aoparent motion as obsorved through the sight reticle. This was а, simple, 
but time-taking and not highly accurate, method of determining proper 
deflection, The principal fault was the optimism involved in expecting 
the average gunner to withhold his own fire, while being fired upon, 
in order to ostimate the required deflection. 


b, It proved impossible to devise сусп amnroximate rules for 
deflections, simple enough for comhrt use, excoot in the cesc of a 
fighter attacking one's own bomber. In such instances, the flexible 
gunner's problem was almost identical with that of the fighter; it was 
based. wincivally on the anzle-off of the attecking fighter in relation 
to the bombor's line of flizht. 


C. The БАҒ had been using, in conjunction with trocer sight- 
ing, г simple rule-of-tho-thurb based on enzle-off and known as tho 
Толо System. Dr. Hewitt, of "ishth air Force ORS, devised a similar 
system adented to Wizhth air Force heavy bombers, which he, too, called 
tho Zone System. This was tho first major advance іп flexible zunnery 
sighting, but gross errors мого still nrevelent duo to tho ^ifficulty 
in trying to interpolrte between tho major angles-off. Зу the beginning 
of 1944, all Wizhth Air Force gunners were indoctrinated in the Zone 
Systom, which Aid not conflict with their previous Training Command 
Schooling in "relative spood" sighting. This dual training, coupled 
with oxtonsivo combat oxoerience, brought the gunners to a fairly high 
state of proficiency (short of having comuting sizhts). 


à. The Treining Command in the Z.I. soon adopted the Zone 
System under the name "Position Firing" with the zonos based on angles- 
off of 11 1/49, 22 1/29, 159 end 900, rather then thd ВАР end Hewitt's 


10", 309, 60° ena 90°, Both systems were equally effective; the change 
in angles, how^v^or, caused some confusion during the modification of 
htinz rules in tho "TO. (The sighting theory tausht to tho Luftweffo 
Zunn^rs was not dissimilar, boinz based on three vrincivel enzlos of 
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ponromch of n terzet rirersft; 159, 30° ana 909), Tho räynntaso of 
such treining in tho Daf wes lator somewhat offset, in thet sumort 
fire wes ontiroly n^zlectoó in tha Zone of Interior training vrozrem. 
Sunsort fire was still irmortant, however, and had to he sunnlementrd 
hy makoshift rules en“ rolativo-sed trainins within the operational 
groups. In tho finel nhasc of tho war s simple support fire rule ~ 
limited, however, to fire asrinst jets ~ wes dove loved ty Dr. Oleo of 
045, "izhth a ir Force. 


9. Fixed Gunnsry Sizhtinz 98 
a. All 411100 fizht^r zunnery was based on the R.T system of 
estimating the enzlo-off, inclu^ing trainings in ro cognition of aspect- 
angle, The hasic ansles wore 109, 30°, 60° ana 90°, 


b. Tho Luftwaffe rilots system wes primarily the same rs the 
Allios, with 5°, 109, 209, 309, 509 and 90° as the »esic »nzles. The 
б.А.Ұ. omohasis was on tho noint harmonization of zun-battorics with no 
reliance on fismersion, contrary to the ВАР beliof in "snrend harmoniza- 
tion." (The theory of snrard harmonization wos to zivo zreeter hit 
oroha*ility at intermdiate ranges, with a point-blank vnattorn not un- 
like th^t resulting from point harmonizrtion.) 


m жа CONFIDENTIAL 


ARMAMONT IM AIR 


CONFI DartilaL 


LIST OF RZF^R* ONS 


Leufzottel für belichtate Frontfilm (Fishtor Combat Filn Data) 
Frontfilmauswortung (Corbet Film ‘valuation ^y LFA) 
Luftfahrtforschunzsenstalt Hermann Görins, Braunschweig 
Forschunzsenstelt DWN Lübeck 


Berichte Institut für Fluzmohanik der Doutschen Versuchsanstalt für 
Luftfahrt B.V. 


Berichte dor Lilionthel-Gosollscheft für Luftfahrtfurschung 
Horrido! -àos Jüz^rs Schiossfibol - D. (Luft) 5001 
Luftwaffe Training School - Straubing 
Luftfehrtforschunzsenstalt (Avintim-Keaicine)-Oborammorzau 


. Messerschmitt А.Ф. ~ Armament Division - Oberbayerische Forschung- 
sanstalt-Oberzammerzau 


. Air Ministry: (4.1.1); (4.1.23); &.D.1.(K); D/Armamnt; D/Refar 


12. Ministry of Aircraft Production 


. RAF Bomber Commend 


14. R.T Pizhtor Command 


15. RS Contrel Gunnery School 


16. Haadquerters Vizhth air Force 


17. Enadanertors ane. Air Division aa? 


18. Headquarters 2nd Corbat Bomb Ving (Н) ААР (Gunnery Files) 


19. Headquarters 389th Bomb Group (Н) ААТ (Gunnery Filed) 


(Gorman Technical Revorts have been microfilmed - Nos. 20hà, 
2045 and 2555.) 


COFFIDSNTIaL 


М ШІЗІНХЕ 


CHARAUTÜRISTICS 07 PRIYCIFAD AIRCRAFT GUNS, 


| gun ۱ Н Caliber | Weight ! Length ' Pate of Pire Muzzle Velocity | 
Designation i | (pounds) | (inches) : (ronnis/minvte) i (feet /second) | 
i | GERLAX | i | 
i i = a | i 
.9 mm 2 i M7-1/2 : 10 ! 2476 ' 
I E | a /г ME ETE : 1200 i 2476 | 
P 9 | n 5035 | 1509 | 2312 | 
i [E KN в) | " 259 i 2 12 і 
Ж | я i 521/2 ! = ЖЕКЕ 
р 15 MED i Eve 50 | 2788 
B i 2 ' 93 | 66-1/2 i 650 i 2319 
| > і 5 | 3⁄2 | 10 | 26 
| | 3*0 | 136 | fe 600 | 1771 
Ж i 590 | Шә-/г i ө 1 mo ۲ 
روج ہت‎ айыл жаа | 
i | . і 
| Vickers | .303in. | ә | w І 950 2450 
Browning | 303 i 23 | 0 i 1200 2150 
: Browning ko 30 i 23 ! 10 ! 1200 2800 
| Browning 2.0 1 61 | of і D 2850 
Hispano | 20 пл. | 102 і au | 0 2850 


FOUR MG 17/79 


TWO MG 17/79 
Two Mo FF/20 


TWO MG 17/19 
ONE MG FF/20 


FOUR MG 17/79] 
ONE MG FF/20 


[THREE MG 17/79 
THREE MG FF/20 
TWO MG 81/79) 


THREE MG 17/79) 
THREE MG 0 
ONE MG 131/13 


e 


TWO MG 17/7.9 
ONE MG 151/15 


TWO MG 17/79 


TWO MG 17/79 
THREE MG 151/70) 


TWO MG 131/13 
THREE MG 151/2 


ONE MK 108/30 


G 118IHX3 


THREE MG 17/79 
[FIVE MG ۵ 
ONE мо 812/79 


[Six MG 151/20 
ONE MG 131/13 


ME 163 


TWO Mr 108/50) 


[Four MG пп] 


E MG 17/79 


TWO MG 151/20 | 


FOUR ме 11/20 
TWO MG 131/20 
ONE MG 812/79) 


Ó МО 151/20 
two MG 17/79 
TWO MG 131/13 


SIX MG 151/20 
TWO MG 131/13 


TWO MG 17/79 
TWO MG 151/20 
TWO MG FF/20 

131/13 
| FOUR мб 151/20 


[Two MG 131/13 
| TWO MG 151/20 
[TWO Мк 108/30 


1 5 

Two MG 131/13 

Ез MG 151/20] 
Bulk 


d - 
[Two MG 131/13] 
TWO MG 151/20| 
FOUR MK 108/30) 


FOUR MG 151/20 
ONE MG 817/79) 


FOUR MG 151/20 
TWO MG 151/15 
۲۷۰۷ MG 131/13 


FOUR MG 17/79 
FOUR MG 151; 20 
ONE MG 812/79 


TWO MK 108/30 
TWO MG 151/20 


Two MG FF/20 
| one MG 812/79 
Two MK 108/30 
ONE FLAK 18/37 


ШЕ мк 108/30] 


FOUR RP% HE ا21‎ 
TWO MG 151/20 
TWO MG 17/79 
TWO MG 131/13 


TWO MK 108 30] 
TWO MG 151/20 
TWO MG 17/79 
[Two MG 131/13 


ONE BK5 | 
TWO MG 15 


PRINCIPAL 
GERMAN FIGHTERS 
and 
ARMAMENT 


GUN 
POSITIONS 


RADIO OR 
BELLY 


| 


LOWER 
TURRET 


WAIST 


TUNNEL 


MODIFICATIONS 


in 
POWER TURRET SINGLE HAND HELD TWIN HAND 0.5 А А Е HEAVY 
Aen Siente. Ф مور‎ BOMBER ARMAMENT 
EXHIBIT E 


ARMOR PIERCING 
Engine "3-2 


ay Creo Members 
i (Armored) 


TO DISABLE ENGINES, 
DAMAGE STRUCTURAL MEMBERS 
AND KILL CREWMEN. 


ROJECTILE HAS CORE OF 
HARD ALLOY STEEL OR 
TUNGSTEN: CARBIDE 


ARMOR PIERCING /_INCENDIARY 


ARMOR PIERCING AND INCENDIARY 
TYPES. 


1 


BOTH FILLERS N ONE 


PROJECTILE 


TO PERFORM THE FUNCTIONS OF BOTH 


INCENDIARY 


TO SET FIRE TO GAS TANKS 
AND OTHER 
INFLAMMABLE MATERIAL. 


PROJECTILE HAS FILLER OF 

PHOSPHORUS œ INCENDIARY 

MIXTURE USUALLY IGNITING 
UPON IMPACT 


HIGH - EXPLOSIVE 


TO tFFECT SERIOUS 
STRUCTURAL DAMAGE. 


R ey MION EXPLOSIVE 
SUCH A* TNT 


RELATIVE SIZE of 
TO ТҮРЕ of 


PROJECTILE FILLER. 


ACCORDING 
ÉxHIBIT H 1 


TARGETS 


NCOUIGIBLE| PRINCIPAL VALUE 
AS INCENDIARY 


POSSIBLE 6% AIRCRAFT DESTROYED | 
"۲۰ мом 25% 50% 75% | + 


(922222222222. 


| N 

MGFF 
MG 151 = 
Бу MK 101 
MK 103 
MK 108 


RELATIVE DESTRUCTIVE | 

POTENTIALS of HITS by 

G.A F. GUNS AGAINST 
ALLIED BOMBERS. 


Ехнівіт 1 


2 


Z 


www.DeutscheLuftwaffe.de 


www.(GERMANLUFTWAFFE.com 


N 83 


B-2l Rearward-Firing Rocket Installation 


REF: ROCKET TACTICS REPORT, HQ 2CBW (H)AAF, NOV. 1944 


HEADQUARTERS SECOND AIR DIVISION - USAAF - 


ROCKET LAUNCHER INSTALLATION 
- RELOADABLE - 


DESIGNED & JA 


DRAWN Br: 


ONE FORTRESS versus ONE FW І90 - 1945 
TAIL ATTACK- MAXIMUM BI7 GUNS BEARING (5) 


— 


—- озю ———— —— 


8 


SECOND 
š 


FIRE - POWER 


(DESTRUCTION COEFFICIENT XN* OF GUNS) 


X ROUNDS PER 


1942 1943 1924 


EVOLUTION OF RELATIVE FIRE POWER 
ОҒ FW 190 versus ВІ? 


BLACK AREAS WITHIN, and SHADED AREAS 
SURROUNDING AIRCRAFT INDICATE TARGET 
TORE HIT TO HAVE DESTRUCTIVE EFFECT 


S00 yds 


ONE USAAF FOUR-ENGINED BOMBER versus ONE 


ал —0 


FOUR 2ICM АРУ 
FULED for 1280 yds 


| 


z\ 

St 

H 
a BLACK AREAS WITHIN Ale 
3\ INDICATE TARGET to be HIT 
. 1 TO HAVE DESTRUCTIVE EFFECT 
А 


| 


۸۸۰۱۱٢ with 21см. АР. 


COMPARISON ОҒ 


FIREPOWER - САҒ vs. USAAF FIGHTERS 


MINIMUM FOR THIS MAXIMUM FOR THIS A/C TYPE 
А/С TYPE 


